D
iabetes is a major health problem of national and global burden because of its increasing prevalence and associated complications (International Diabetes Federation [IDF], 2013) . The estimated number of individuals living with diabetes around the world is 82 million, and 80% live in low-and middle-income countries (IDF, 2013) . In hospital settings, individuals with type 1 or type 2 diabetes are frequently admitted for care. Further, hospitals can expect to see an increase in the number of individuals admitted with diabetes.
Nurses have the responsibility for the day-to-day care of individuals with diabetes in hospital settings, with a challenge to make diabetes care more effective. Nurses play a significant role in promoting diabetes care by providing up-to-date and evidence-based care and support. Unfortunately, cumulative evidence exists in the literature to show that nurses working in hospitals have deficits in knowledge of diabetes and its care (Chan & Zang, 2007; Drass, Muir-Nash, Boykin, Turek, & Baker, 1989; Gerard, Griffin, & Fitzpatrick, 2010; Odili & Eke, 2010; Yacoub et al., 2014) .
A national study, using the Modified Diabetes Basic Knowledge Test (MDBKT), revealed deficits among nurses employed in Jordanian hospitals regarding diabetes and diabetes management (Yacoub et al., 2014) . Average MDBKT scores for participating nurses was 28.53 (SD = 7.62), or 63.4% correct responses. Nurses' responses demonstrated a lack of theoretical knowledge and application to clinical practice. Most surveyed nurses demonstrated knowledge deficits in clinical topics such as insulin storage and preparation, initial treatment of hypoglycemia, and meal planning. In addition, nurses had knowledge deficits in theoretical-based topics related to the duration of action of hypoglycemic agents, when to check urine for ketones, relationship of increased exercise and food requirements, and side effects of oral hypoglycemic agents (Yacoub et al., 2014) .
The literature has documented knowledge deficits among nurses employed in various clinical settings. The mean diabetes knowledge score, using the Diabetes Basic Knowledge Test (DBKT; Drass et al., 1989) for nurses, is reported to be 70% in the United States (Gerard et al., 2010) and 61.9% in Benin (Odili & Eke, 2010) . Almost 60% of nurses in Hong Kong had low-to-moderate levels of competence in diabetes knowledge (Chan & Zang, 2007) .
Among Canadian nurses, diabetes knowledge deficits encompassed therapeutic goals (32.8%), medications (38.5%), and type of diabetes and therapies (39.9%; Griffis, Morrison, Beauvais, & Bellefountaine, 2007) . Other deficits, reported by nurses in Nigeria, included knowledge about insulin, current diagnostic criteria for diabetes, and symptoms of diabetic ketoacidosis (Unadike & Etukumana, 2010) . Deficits about diabetic foot care were reported by Hong Kong nurses (Chan & Zang, 2007) .
Because the number of hospital admissions for individuals with diabetes is expected to grow, it will be imperative for nurses to have knowledge and expertise to act on the recommended standards of care. Literature on the effectiveness of education sessions or programs about diabetes for hospital nurses in Jordan is limited.
Evaluation research is needed to determine whether diabetes education programs will enhance nurses' knowledge.
PURPOSE
The literature emphasizes the importance of education to fill nurses' knowledge gaps about evidence-based practices for patients with diabetes (Young, 2011) . Better understanding of evidence-based practices can help nurses in caring for patients with diabetes and positively influence care outcomes. The purpose of the current study was to evaluate the effectiveness of a diabetes education program on nurses' knowledge of diabetes and its management.
METHOD Design
A quasi-experimental, one-group, pretest-posttest design was implemented to evaluate the effectiveness of an education program on nurses' knowledge regarding diabetes.
Setting and Sample
The setting for data collection was a large education room at the Jordan Nurses and Midwives Council. Participants represented a convenience sample from three hospitals. A total of 129 RNs voluntarily consented to participate.
Recruitment of Participants
The principal investigator (M.I.Y.) held meetings with the Jordan Nurses and Midwives Council representatives and nurse managers. This process served to (a) inform the group about the study and the time needed for the education program, (b) answer inquires and questions, (c) ask for support in promoting the study, and (d) discuss the best time for implementation. A flyer advertising the dates and times of the sessions was posted at the nurses' work stations and in the nursing units. The hospital units included medical, surgical, combined medical-surgical, intensive care, pediatric, and obstetrics and gynecology wards where patients with diabetes were admitted. Participation was voluntary, and no exclusions were made for age, years of experience, or type of employment (full or part time).
Measures and Instruments
The independent variable for the study was the diabetes education program. The dependent variable was nurses' knowledge of diabetes. Three questionnaires were used for data collection. The first was a demographic questionnaire developed by the researchers. The second was the Diabetes Self-Report Tool (DSRT) to assess perceived diabetes knowledge. The third was the MDBKT, which was created by the authors to assess the actual level of diabetes knowledge.
The MDBKT is a revised version (Yacoub et al., 2014 ) of the DBKT that was developed by Drass et al. (1989) and contains 45 questions evaluating nurses' basic knowledge of diabetes. A score of 1 is given for each correct item, and a score of zero is given for questions answered incorrectly. Total scores range from 0 to 45; higher scores indicate a higher level of diabetes knowledge. The DBKT questionnaire was adapted based on current standards of care. Content validity was tested in previous work. The calculated Cronbach's alpha coefficient for internal consistency on the MDBKT and the DSRT was 0.77 and 0.80, respectively (Yacoub et al., 2014) .
The DSRT, developed by Drass et al. (1989) , contains 22 statements that measure nurses' perception of diabetes knowledge and uses a 4-point Likert scale. In the current study, a modified 5-point Likert scale was utilized (Yacoub et al., 2014) to allow participants to respond with strongly agree = 5, agree = 4, not certain = 3, disagree = 2, or strongly disagree = 1. The scoring of negatively stated statements was reversed. Total scores range from 22 to 110, with higher scores indicating favorable knowledge of diabetes. This tool covered the diabetes-related content areas of the etiology of diabetes, the basic treatment plan for Type 2 diabetes, hypoglycemia, and insulin use. The DSRT also assesses knowledge about diabetic ketoacidosis, effects of stress on diabetes control, long-term complications, exercise, and diet. Validity and reliability was established by Drass et al. Cronbach's alpha coefficient for internal consistency reliability was 0.91. Permission to use the tool was obtained from Drass et al. 
ETHICAL CONSIDERATION
Approval to conduct the study was obtained from the university's academic research committee and from the institutional review boards at participating hospitals. The researchers informed participants about study objectives, that participation was voluntary, and that they could withdraw at any time. Both oral and written instructions were given to ensure that all items were understood. No identifying information was required of participants. Participants were reassured that their responses were confidential and would remain anonymous. All information was kept in a locked cabinet at the faculty of nursing, with the principal investigator having sole access.
Procedure
The primary investigator explained the research study to participants and obtained consent. Each participant was given a folder that included a pen, a consent form, a demographic data questionnaire, the pretest instrument (MDBKT), a PowerPoint ® handout, paper for notes, a sealed envelope that contained the posttest (MDBKT), and a program evaluation sheet. Forms and folders were precoded by the investigator so that matching pretest and posttest results were possible. Participants signed a consent form and completed a demographic data questionnaire and the pretest instrument before the education program began. To decrease response bias, the primary investigator left the room while participants signed consents and completed the pretest. A designated research assistant (W.M.D.) collected the consent forms, demographic questionnaires, and the pretests. Completed forms were stored in three separate folders. This process took approximately 35 minutes. The primary investigator returned to the lecture room and began the education session. At the end of the session, participants were asked to open the sealed envelope and complete the posttest (the same MDBKT as the pretest but in a different question order) and the program evaluation form. The primary investigator left the room while participants completed those items, and the designated assistant collected both forms.
Diabetes Education Program
The study included provision of a 1-day educational intervention to RNs working in hospitals. Education was delivered in a lecture-style format. Information for the educational session was presented by PowerPoint presentation. The content of the diabetes education program is presented in Table 1 . The educational program session was presented in a standardized format and divided into parts, with a short break in between. Participants were able to have a large-group discussion and to ask questions and add comments at the end of each part.
Data Analysis
Data were analyzed using SPSS ® version 16 software. Descriptive statistics were used to identify nurses' actual and perceived knowledge of diabetes. The paired sample t test was used to measure the difference between matched pretest and posttest scores of the MDBKT. Pearson's and Spearman's correlation coefficients were used to determine the level of association among knowledge scores and relevant demographic variables, and p values were considered significant if Ͻ0.05.
RESULTS

Characteristics of the Nurses
A total of 129 nurses participated in this study, and their personal characteristics are presented in Table 2 .
Effects of the Education Program on Nurses' Actual and Perceived Knowledge of Diabetes
The education program had a positive effect on nurses' actual and perceived diabetes knowledge (Table 3) . A paired sample t test compared the mean pretest MDBKT and DSRT scores of the participants with their respective mean MDBKT and DSRT results after implementation of the education program. Participants' pretest pass rate was 52.7%, with scores increasing to 78.3% after program implementation. Areas where participants showed the highest gains in scores after implementation of the diabetes program are presented in Table 4 .
DISCUSSION
The results of the current study show that a targeted education program can increase Jordanian nurses' (Yacoub et al., 2014) . Inadequate knowledge among nurses was identified as an important barrier to appropriate management of hospitalized patients with diabetes (Giangola, Olohan, Longo, Goldstein, & Gross, 2008) . It is imperative for nurses to have the necessary knowledge and expertise to act on the recommended standards of care. This one-group, pretest-posttest study provided diabetes education to 129 nurses employed at three hospitals in Jordan. Results demonstrated that a one-time education program positively altered nurses' perceived and actual knowledge about diabetes and its management. These findings have implications for developing diabetes education content within nursing curricula and for continuing education courses for nurses.
Diabetes education methods in this study included PowerPoint slides, lecture, and discussion, which is cost effective and an educationally sound process. This method could be adopted by offering continuing education at hospitals by diabetes educators to disseminate current practice guidelines.
One limitation to the current study is the use of a convenience sample. Although nurses from major hospital types in Jordan were enrolled to increase the generalizability of findings, their individual selection was not random. Also, the lack of long-term follow-up of the intervention makes it unclear whether the reported changes in knowledge will be sustained. In addition, the authors were unable to test the link between knowledge and clinical care.
CONCLUSION
Research is needed to further determine the role of education programs in promoting long-term behavior changes among nurses caring for individuals with diabetes. Longitudinal studies are needed to further evaluate how education plays a part in assisting nurses in the actual care of individuals with diabetes. Hospitals, health organizations, and funding agencies are urged to continue to support this kind of research and to make it a priority. Research is needed to further determine the role of education programs in promoting long-term behavior changes among nurses caring for individuals with diabetes.
